Abstract The presence of "pygmy" or pygmoid groups among New Guinea populations has been the object of scientific interest since the end of the nineteenth century. Morphological and molecular data are used here to study western New Guinea population variability, focusing in particular on two pygmoid groups living in the eastern fringe highlands of Papua: the Una and the Ketengban. Various kinds of anthropometric data are examined, as well as height, weight, and body mass index, to carry out comparisons with nearby ethnic groups living in the highland and lowland regions. The Ketengban data were also compared with other data recorded 20 years before. The results of previous research on the sequencing of the mitochondrial DNA hypervariable segment 1 region and nuclear DNA nonrecombining Y-chromosome polymorphisms are presented. Both morphological and molecular studies involve adult subjects of both genders, representative of the same ethnic groups and/ or geographic regions.
New Guinea (NG), together with Australia, was an early point of arrival of the first modern human expansion out of Africa, at least 50-40 kya (Groube et al. 1986; Summerhayes et al. 2010) . Until 8 kya, the island was connected to Australia by low sea levels, forming the Sahul Shelf. Both the southwestern coastal lowlands and the northeastern coast-such as the Sepik-Ramu basin area-were then subjected to major geographic changes, due to sea level variation (Chappell 2005 ), a process that had important consequences on human distribution and internal migrations.
In the interior of the country, highland plateaus have offered humans favorable settlement opportunities; at the same time, mountain chains cut by steep slopes favored the isolation and ethnic fragmentation of the inhabitants, while protecting them until recently from undesirable western contacts. NG populations are therefore characterized by a high degree of cultural and linguistic variability, and their biological adaptations have attracted growing scientific attention (Attenborough and Alpers 1992; Pawley 2005; Pawley et al. 2005) .
The NG "pygmies"-also known as "Oceanic negritos"-aroused the curiosity of the first explorers and have been the subject of great interest since early anthropological studies (Pöch 1904 (Pöch -1905 Luschan 1910; Haddon 1912; Wollaston 1912; Schlaginhaufen 1914 ; Van den Broek 1913 , 1923 Bijlmer 1922 Bijlmer , 1939 Wirz 1924; Kirschbaum 1927; Moyne and Haddon 1936; Speiser 1946; Vallois 1957; Ballard 2006) . Much of the speculation on their possible origin was reduced when-on the basis of biochemical analyses carried out on pygmoid groups that had settled on the eastern half of the island- Graydon et al. (1958) , Gates (1961) , and Boyd (1963) concluded that the NG pygmies, as well as other pygmy groups from other regions of the world, were more similar to their neighbors than among themselves. It was therefore assumed that the NG pygmies could be regarded solely as a phenotypic variation of nearby mountain populations.
Speculation on the possible advantages of a small human body examined various environmental factors, such as limited quantities of food, promoting an "economic size," and adaptation to a warm, humid tropical forest habitat (Collins 1990; O'Dea 1993) . However, since pygmy populations are scattered in different ecological zones, there may be more than one explanation (Diamond 1991 (Diamond , 1992 . Migliano et al. (2007) brilliantly suggested the advantages of interruption of early growth, favoring rapid reproductive maturation in conditions of early mortality, but this hypothesis cannot be extended to all the world populations of pygmies, since not all of them have short lives.
In the African pygmies studied by Cavalli-Sforza (1986) , the evidence of low levels of expression of genes encoding for growth hormone receptors and insulin-like growth factor-1 was cited as a possible cause of reduced growth (Merimée et al. 1981 (Merimée et al. , 1987 Merimée and Rimoin 1986; Baumann et al. 1989 ), but these fell within normal ranges in other NG pygmy populations (Schwartz et al. 1987; Baumann et al. 1991) , suggesting that other factors were responsible for their short stature (Rosenfeld 2003; Perry and Dominy 2009; Ramirez-Rozzi and Sardi 2010) . Recently, a large study of the Human Genome Diversity Panel discovered two genes involved in the thyroid hormone pathway (TRIP4 in Mbuti pygmies and IYD in Biaka pygmies) showing signs of selection that may be related to their short stature (Lopez Herráez et al. 2009) . Pygmies living in different habitats-from tropical humid African forest to the NG highlands-suffer from iodine-deficient diets. Alterations in the thyroid hormone pathway may therefore be among the causes of pygmies' short stature, arising as an indirect consequence of selection in response to an iodine-deficient environment. Jarvis et al. (2012) , searching for evidence of short-stature selection in African pygmies, considered the possibility that genes with regulatory effects on different functions-such as metabolism or immunity-could have pleiotropic effects and be an indirect cause of pygmies' short stature.
This research focused on two short-stature groups (alternatively defined as pygmy or pygmoid), living in the fringe highlands area of Western New Guinea: the Una (or Uniang), settled in the Langda district (2,000 m), and the Ketengban, who live the Bime Valley, in Turwe (1, 350 m) Figure 1 ), all of which have been the subject of previous Table 1 . The locations of the Una and Ketengban pygmy groups are shown in bold. The gray areas in the map represent interior mountain regions. The Aru and Kai Islands and the Arafura Sea location are shown. In the bottom (left), the location of Western New Guinea is shown within the Indonesian region. research (Cortivo et al. 1987; Re et al. 1989; Tommaseo et al. 1989 Tommaseo et al. , 1990 . To evaluate the possible height and weight trends of the short-stature study groups considered here, Ketengban anthropometric data are compared with other data concerning the same population, collected by G. Konrad in 1975 and kindly made available for this research. The diagnosis of a possible stature increase of these pygmoid populations in the time span of 20 years will be an interesting indicator of the causal factors of the body size: whether (or how much) this is determined by a genetic background and/or consequent to an environmental factor, such as diet or medical assistance.
Lastly, for a genetic perspective of the relationships of the Una and Ketengban with their "normal-stature" neighbors, the results of previous molecular studies of West Papua populations based on the mitochondrial DNA (mtDNA) hypervariable segment 1 (HVS1) (Tommaseo-Ponzetta et al. 2002 and nonrecombining Y-chromosome polymorphisms (Kayser et al. 2003; Mona et al. 2007 ) are here presented and discussed. In the latter research, populations living in the Bird's Head area and nearby regions-including two additional "short-stature" mountain groups, the Ekkari and the Yali-were also considered.
Here, we address by means of both morphology and molecular markers three main topics: (1) we provide a description of the morphological variation of Western New Guinea pygmoid groups and compare them with their neighbors, in order to have a complete picture of the diversity in the area; (2) we investigated the existence of a possible secular trend in one of the two pygmoid groups, the Ketengban, by using height data collected in 1975 in the course of a medical research (Konrad and Seiler 1980; Fleckenstein 1981) ; and (3) we used neutral genetic variation data from many Western New Guinea populations-some of which have been the object of previous studies-to understand whether the short stature phenotype occurred in the island as a secondary adaptation (and, if so, to which specific factor).
Materials and Methods
Personal and cultural data, anthropometric measurements, and biological samples of Una and Ketengban populations (adult men and women) were collected by M.T.-P. during field research in 1995, promoted by the University of Bari, the Ligabue Study and Research Centre of Venice (Italy), and the University of Bandung (Indonesia). The populations were informed by means of a local interpreter on the scope of our research, and anthropometric data collection was performed after the subjects gave an appropriately informed consent. Anthropometric measurements were carried out following the International Biological Program (Weiner and Lourie 1981) .
Data Analysis
Morphological Data. We first computed basic descriptive statistics in the two pygmy populations relative to body and head dimensions, as well as several anthropometric indices. Data were compared with those previously recorded among the Ketengban in 1975. Next, we extended the study to other groups living in the nearby highland, lowland, and coastal regions, whose measurements had previously been collected in west Papua by M.T.-P. in 1985 Lucchetti 1991, 1992; Tommaseo and Viviani 1991 ) (see Table 1 ).
All statistical analyses (t-tests, analyses of variance) and graphical representations (box plots, scatter plots) were performed using R (R Development Core Team 2011).
Molecular Data
• mtDNA. The data reported here are relative to a molecular study consisting of the amplification and sequencing of the entire HVS1 of the D-loop, the main regulatory region of the mitochondrial genome. mtDNA was extracted from hair roots, and the HVS1 region was directly amplified from rCRS (revised Cambridge reference sequence) positions 16024-16374 (Andrews et al. 1999 ).
The sequences obtained were analyzed with the "fragment classifier tool" available through the Human Mitochondrial DataBase (Attimonelli et al. 2005; Rubino et al. 2012) , where genomes are annotated with specific information and are analyzed; the tool can detect polymorphic sites, and haplogroup assignment is based on PhyloTree, a phylogenetic tree of global human mtDNA variation (van Oven and Kayser 2009). The results of previous studies (Tommaseo-Ponzetta et al. 2002 were revised and partially integrated with data concerning the Bird's Head region and the surrounding northwestern populations. A matrix of F ST distances between all the populations was computed using Arlequin, version 3.5 (Excoffier and Lischer 2010) . Data were displayed by means of a multidimensional scaling (MDS) computed with the isoMDS function implemented in the library MASS available in R (R Development Core Team 2011).
• Y Chromosome. To enable comparisons of Una and Ketengban maternal and paternal lineages, in the context of the surrounding populations, we report here the results of a Y-chromosome study conducted on the same southwestern and central west NG population samples considered in the HVS1 study. This research concerned a combined Y-chromosome analysis of 26 binary markers and 7 short tandem repeat (STR) loci (Kayser et al. 2003) . For a wider perspective, this Y-chromosome overview was then extended to the results of a second research, focused on the Bird's Head region and the surrounding northwestern areas (Mona et al. 2007) , the mtDNA HVS1 male study subjects of which had previously been sequenced ). The computation and plot of the genetic distances between populations were performed as above using both haplogroup frequencies (F ST ) and STR loci (R ST ).
Results
Morphological Study. Summary statistics of the dimensions and indexes of the Una and Ketengban are given in Tables 2-5. Our interest focuses in particular on height. The males of both groups present identical mean heights, 150.1 ± 6.4 cm (Una) and 150.1 ± 6.2 cm (Ketengban), which places them at the limit of what Schmidt (1905) , quoted in Martin (1988) , considered a pygmy size (150.0 cm).
Minimal height values were found in the Ketengban (136.5 cm), but some Una were also small (138.0 cm); the Ketengban, a larger population sample, displayed greater variability, reaching a greater maximum (167.0 cm) than the Una (162.0 cm). Una females had a mean height slightly lower than that of the Ketengban (142.2 and 143.0 cm, respectively). Minimum values were quite low in both groups: 127.5 and 130.0 cm; the maximum values did not exceed 153.0 and 154.0 cm, respectively.
The body mass index (BMI) of both men and women was within normal ranges, slightly higher in the Una, in both genders. Although there were some very slender individuals, overweight was also recorded among the Una (maximum of 29.9). Both populations appeared robust, with legs of medium length in relation to the trunk. Men's shoulders were medium-large, varying from 35.3 cm (Una) to 34.1 cm (Ketengban), with biacromial/height indexes of 23.5 in the former and 22.7 in the latter group. Women's shoulders showed medium breadth values. In both men and women, the pelvis breadth was medium-low (according to Brugsch, qtd. in Facchini 1988 ). Both groups were brachicephalous, with values of 82.1 (Una) and 82.9 (Ketengban) for the men and 81.9 and 81.1 for the women.
When the Una and Ketengban are compared with other NG pygmy/pygmoid groups reported in the literature (Table 6) , their height falls within their range of variation, which is not far from the short statures recorded among mountain Papua inhabitants by the first researchers. The brachycephality of our groups, while distinguishing them from the majority of NG populations, confirms their similarity to the Goliath pygmies of the Nassau Range, described by Van den Broek (1913) -belonging to the same Mek language family-to which they have often been assimilated, and to a lesser degree to their mountain neighbors, the Eipo (Büchi 1981) . For wider comparisons, the heights and weights of other West Papua groups, recorded in 1985 by M.T.-P., are listed in Table 7 . Table 8 presents ANOVA multiple comparison values and shows that the Una and Ketengban differ significantly from all other populations in both height and weight, particularly compared with the coastal Asmat and the nearby mountain Dani. Figures 2 and 3 show how the Una and Ketengban are set apart from the Asmat and other groups of the lowland riverine regions, on account of their height, cephalic index, and weight, the lowest height values being matched by the higher cephalic indexes. Table 9 lists the Ketengban (Bime) dimensions recorded in 1975 and made available for this research. When compared with 1995 data, we can see how the height of the male and female population has increased significantly in the last 20 years (+3.9 cm for males and +3.4 for females). Weight also increased (+3.9 kg males, +3.6 kg females), perhaps owing to the presence of some westerners in the area and to their occasional help in overcoming health problems and food shortages due to recurrent environmental crises. The BMI also shows a positive difference: +0.8 (males) and +0.7 (females) (Figure 4 ). When height variation is considered according to age class ( Figure 5 ), a positive trend is more evident in the younger subjects. 
Height
Medical Data. Medical research (Jüptner 1981) , carried out among the Eipo pygmies-Ketengbans' closest neighbors-reports thyroid hormone values well below the average in both men and women (Table 10) . For a wider comparison, the coastal Asmat values are also reported . Similar hormone data were not available for the Ketengban population (Konrad and Seiler 1980) . However, in his analytic evaluation of the results of the x-ray skull and whole-body research of the Ketengbans carried out by Konrad, Fleckenstein (1981) observes that when both male and female pygmoids were compared with Europeans of the same age (Ketengban age was determined on the basis of x-ray examination), these NG subjects "appeared physiognomically older than their biological skeletal age, and thus older than their true age." Also according to Fleckenstein, among the most common diseases registered in this group were goiter, osteomyelitis, enlarged thyroid glands, bone cysts, and osteoporosis.
Molecular Study
mtDNA. Application of SiteVar software (Pesole and Saccone 2001) to the mtDNA HVS1 sequences of 467 subjects (202 from the southwestern region; 267 from the Bird's Head Peninsula and northwestern area) identified 83 variant sites out of 351 nucleotides. Application of CLEANUP software (Grillo et al. 2005 ) defined 158 haplotypes, 88 unique and 70 shared. While the haplogroup variability of the Bird's Head Peninsula and surrounding islands is high and includes haplogroups of Austronesian origin shared by populations of the nearby Southeast Asian and insular Indonesian regions, the interior of NG conserves its mtDNA specificity, characterized by P and Q haplogroups ( Figure 6 ). These haplogroups are both very ancient and typical of Papua populations (Tommaseo-Ponzetta et al. 2002 Friedlaender et al. 2005 Friedlaender et al. , 2007 . P frequency is highest in the Ketengban, reaching 76%. P is also present among the Una (26%), but this group has a higher Q frequency (Q1, 62%; Q2b, 8%), comparable to that of other populations nearby.
The high frequency of P found among the Mappi (36%), who live in the lowland region south of the Ketengban, may suggest possible wife exchange with the latter, along southward-trending river valleys. Males 60 When compared with the Bird's Head, the central and southwestern Papua regions confirm their relative isolation-especially the internal highland territories. Conversely, the northwestern peninsula, favoring contacts with Southeast Asian and north and central Indonesian archipelagos, was the point of arrival of various migration waves, as indicated by the presence of several Austronesian-speaking populations.
Y Chromosome. Most of the males analyzed from Western New Guinea (77.5% from lowlands/coast and 74.5% from the highlands) carried M-P34, a haplogroup of Melanesian origin (Kayser et al. 2006) , with the exception of the Dani-Lani group, which stands apart due to the highest frequency of C-M208. In the Una and Ketengban populations, as well as in the Yali highland pygmoid group and the Awyu lowland population, M-P34 frequency reached 100%. The same haplogroup is the most frequent in NG (average frequency 46.8%). Coalescence analyses indicate that M-P34 arose around 7,356 years ago in the eastern part of NG, from where it spread westward to the southwestern and central part of the island, reaching the Bird's Head Peninsula, Eastern Indonesia, and the nearby Melanesian archipelagos (Mona et al. 2007 ). Mona et al. (2007) connect M-P34 diffusion from the eastern to the western part of NG to the expansion of the Trans-New Guinea languages, driven by the spread of agriculture (Pawley 1998; Pawley et al. 2005) . Following this picture, it appears that most of the male variability in both Una and Ketengban arose relatively recently. This supports the view that pygmies are tightly related to the surrounding populations and have been involved in the same migrations that have shaped the genetic background of the whole island. This is confirmed by the MDS plot based on Y-chromosome genetic distances (Figures 7-9 ), where the Dani rather than the pygmies is the outlier population. Nonetheless, Una and Ketengban show higher affinities compared with the other populations, suggesting that they may have a more recent common origin (i.e., probably they started to diverge after having acquired the short stature phenotype).
Conclusions
The dimensions of the Una and Ketengban are almost identical, with the exception of shoulder breadth, body weight, and BMI, which are slightly larger in the Una. When the Ketengban secular trend is considered, their dimensions are significantly different with respect to those recorded 20 years previously. Their nutritional status has improved in recent years and may have contributed to their increased height, more evident in individuals younger than 30 years of age, whose early growth exploited the advantages of better nutrition and basic medical assistance. The same may be stated when the Una and Ketengban 1995 anthropometric data are pooled and compared with the 1975 group. This height increment seems to match the results of previous studies concerning secular trends in NG populations (Ulijaszek 1993) , although the observation of altered growth patterns in the Ok pygmoid group over 25 years recorded growth acceleration but no significant increase in final adult height (Adhikari et al. 2011) . However, when the Una and Ketengban are considered in the wider context of Western New Guinea human morphological variability, they still stand apart for both their low body dimensions and head morphology. The possible allometric relationship between short stature and head shape and/or dimensions deserves further attention, since brachycephality may also be associated to hypothyroidism (Wilkins and Fleischman 1941; Aufderheide and Rodríguez-Martín 1998) . The Una and Ketengban share the same mtDNA and Y-chromosome polymorphisms that dominate the human population landscape of the interior of the island, where the uniformity of our groups are indicative of ancient isolation and genetic drift, if not of the crude effect of bottlenecks, especially regarding the Ketengban. If their genetic roots are ancient and similar to those of their neighbors, with whom they share most "neutral" genetic markers, it would seem reasonable that their ancestors acquired a smaller body size after the peopling of the island, as a secondary effect of selection, favoring their survival in peripheral, difficult environments. The Una and Ketengban both live in highland regions, where human pathologies caused by iodine deficiencies have been extensively documented Gajdusek et al. 1974; Gajdusek and Garruto 1975) . The medical research (Jüptner 1981) carried out among the Eipo pygmies-who are Ketengbans' neighbors-reports thyroid hormone values well below the average in both men and women, and also lower than the same data reported for the Asmat ). Thyroid hormone dysfunctions-such as goiter and thyroid gland enlargement-were also reported (Fleckenstein 1981) . Since short stature and large heads may be associated with genetic alterations in the thyroid hormone pathway, the reduced size and the brachycephality of these mountain groups may have arisen as an indirect consequence of selection in response to an iodine-deficient environment (Dormitzer et al. 1989; Lopez Herráez et al. 2009; Jarvis et al. 2012) .
On the other hand, the higher stature of central highland populations-such as the Dani-or of the coastal Asmat settled in Ewer, appears associated to favorable habitats, promoting the development of agriculture and pig raising in the former and of coastal fishing/sago gathering in the latter. This opens the way to an alternative explanation, which posits the first immigrants in the island as short-stature groups who would have increased their body size with the improvement of survival in the more favorable environments. Both these interesting hypotheses encourage further research.
